Expression of the growth arrest DNA damage-inducible protein, GADD45, has recently been reported to be induced by a wide range of stimuli, especially those that produce a high level of base pair damage. We have investigated the expression of GADD45 in brain tissue obtained from patients suffering from Alzheimer's disease (AD). Our results demonstrate that many neurons express the GADD45 protein, and that expression of this protein in neurons is associated with expression of the anti-apoptotic protein Bcl-2, and the presence of DNA damage, but not closely associated with tangle-bearing neurons. Additionally, cell lines overexpressing this protein confer resistance to apoptosis induced by DNA damage agent, suggesting that this protein may participate in cell survival mechanisms.
INTRODUCTION
The decline of intellectual capacity often associated with age or diseases can be traced to disconnection of neuronal networks and/or massive cell loss. The mechanism of cell death is either necrosis or apoptosis. Apoptosis is commonly associated with the programmed events necessary for the development of tissues and organs (Kerr et al., 1972; Wyllie et al., 1980) . Nevertheless, in many instances apoptotic events are clearly not programmed, but rather occur in response to environmental cellular signals (Barr and Tomei, 1994) .
Recently it has been reported that cells which undergo cell death in neurodegenerative disorders such as Alzheimer's disease (AD) activate a cell death mechanism which reassembles the morphological and biochemical description of apoptotic cell death (Su et al., 1994a; Anderson et al., 1996) . Because different cells differ in their response to stress that cause damage to DNA, we have sought to identify proteins that might play a role in DNA repair in AD brain.
GADD45, growth arrest DNA damage-inducible protein, is an inducible protein that may have a role in coordinating aspects of DNA repair and replication (Fornace et al., 1989) . Originally GADD45 was identified as an mRNA species encoding a conserved 165-amino-acid protein, whose expression is elevated in cells in growth arrest and in cells with DNA damage (Fornace et al., 1988 (Fornace et al., , 1989 . GADD45 mRNA has also been reported to be induced by a wide range of stimuli including environmental stress, excitotoxicity; genotoxic stress; ischemia, and irradiation (Beard et al., 1996; Hughes et al., 1996; Jackman et al., 1994; Jin et al., 1996; Zhan et al., 1994) . Although Northern studies indicate that GADD45 mRNA is expressed in vivo (Fornace, 1992) very little data are available on GADD45 protein expression. Here we report that induction of GADD45 protein is present in neurons within areas known to exhibit altered morphology or cell death. The function of this protein is unclear, although there has been some suggestion that it participates in regulation of replication and DNA repair (Smith et al., 1994; 1996a) . We show here that GADD45 is upregulated in postmortem AD brain, and that it is colocalized with the anti-apoptotic protein Bcl-2. Additionally, GADD45 was found in association with DNA damage within some neurons, but was not directly associated with tangle-bearing neurons. To test the hypothesis that GADD45 could participate in apoptosis, the human
